The homeothermic animal exposed to cold is faced with the problem of a rapid loss of heat and a consequent lowering of body temperature. However, such exposure brings into play a variety of regulatory mechanisms which contribute to the maintenance of a normal body temperature. The human's first response is to decrease heat loss by peripheral vasoconstriction. This is under the influence of the sympathetic nervous system through stimulation of peripheral thermoreceptors. Peripheral vasoconstriction occurs in mosi
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areas of the body with the exception of the head where up to 255 of the total heat loss can take place. At the same time, the splanohnio vessels vasodilate to allow the shunting of blood to the core thereby increasing tissue insulation.
If the environmental temperature continues to decline, heat production mechanisms are initiated. Shivering begins from stimulation of peripheral, as well as, central thermoreceptors and is under control of the central nervous system(CNS). This process involves the normal mechanisms of muscular contraction and the effect of raising heat production is much like that of light exercise.
Shivering is an active process and may be considered an exercise response without definite work output. Heat production can be increased 3 to 4 times above resting in ths temperature range 0-10 0C(32-50°F).
CIRCULATORY ADJUSTMENTS
The increased heat production and oxygen uptake due to shivering would appear to be the result of an increased heart rate and cardiac output as occur during mild exercise. However, Raven, et. al.(18) showed (in man at rest exposed to 5 0 C(41 0 F) for 2 hours) that an increased cardiac output (heart rate x stroke volume) was primarily due to an increased stroke volume while heart rate remained constant and low. The heart rate response to shivering, therefore, is in striking contrast to the mechanism by which the heart responds to exercise where an increased cardiac output up to an oxygenuptake of 1-2 L/min is primarily due to an increased heart rate.
Higher circulating catecholamine levels may be partly responsible for the increased stroke volume. In addition, peripheral vasoconstriction (powerful enough to cause a shift of blood into the central circulation and increase i "•d4LO~alLit7Cede#
the mean blood pressure) may also be a key factor.
Thus, pressure mechanilms working through the baroreceptors to reflexly depress heart rate may explain why heart rcte fails to respond to the increased circulatory demands of coldexposure.
The Effect of Cold on Human Performance
SUBMAXIMAL EXERCISE RESPONSES
The stimuli of cold and exercise result in opposite, conflicting physiological responses (unlike that during heat exposure) and which one predominates depends upon such factors as environmental temperature, intensity of exercise, clothing insulation,and tissue insulation. In general, the oxygen cost of exercise in cold is commonly increased when compared with the cost of performing the same exercise intensity at normal one can see that at low exercise intensities oxygen uptake Is higher than In a neutral environment; shivering and exercise have an additive effect on oxygen uptake. At higher exercise intensities (oxygen uptake of 1.2-1.5 L/uin) there is no difference between the two environments. Thus, a critical level of heat production is required before the influence of cold-induced shivering is counteracted. Hsart rate is also lower during light exercise in the cold when compared to a neutral environment due to the continued predominance of the cold stimulus over that of exercise (7) . With increased exercise intensity, and thus decreased cold dominance, the heart rate comes under more normal cardiovascular control.
The competing stimuli of cold and exercise also effect the core and skin temperature responses. At low exercise Intensities, the core temperature cannot be maintained in the cold and will fall after about one hour of exercise (8) . At higher intensities, rectal temperature begins to increase.
This again leads to conflicting stimuli, which result in reduced shivering and sympathetic vasoconstrictor activity. The increased core temperature stimulates central thermoreceptors for heat loss. However, cold receptors in the skin are simultaneously signaling the thermoregulatory center to conserve heat. The result is that the skin temperature will decline or remain steady during exercise in the cold, but areas over active muscles will be at higher temperatures during exercise than at rest. This allows more heat to be lost thru convection and evaporation, although convection is the major avenue of heat loss during exercise in the cold.
MAXIMAL EXERCISE RESPONSES
Although little work has been done to determine the ef'fects of cold on the capacity of the individual to perform maximal exercise, the available data show that maximal exercise responses (e.g. oxygen uptake, ventilation, heart rate, blood lactate) are unaltered during short term exposures (1-5 hr) to ambient temperatures as low as -20 0 C(-4 0 F) (16) . Thus, during maximal exercise, the exercise stimulus overrides that of cold such that the ability of the cardiovascular system to maximally transport oxygen to the exercisisng muscles remains intact.
However, a much different situation is seen if the core temperature is depressed. Bergh and Ekblom (4) induced different core and muscle temperatures in subjects by having them swim in cold water; they reported a decrease of 5-6% in maximal oxygen uptake and 8 beats per minute in heart rate per degree decrease in core temperature. They suggest that the primary effect of cold is a direct action on the heart, reducing the rate and thus the transport of oxygen to the muscle. Under more controlled conditions, Patton and Vogel (16) found a 40% decrease in submaximal endurance time to exhaustion using a cycle ergometer in subjects exposed to a chamber temperature of -20°C(-4 0 F) compared to +20 0 C(68 0 F). Table I Factors which may explain the reported decrements in endurance performance in the cold are depicted in Table 1 .
As previously noted, a decrease in core temperature significantly reduces the transport of oxygen to exercising muscles. In addition, Bergh and Ekblom (4) also showed that the average endurance time during maximal intensity exercise is markedly reduced when core temperature is decreased.
A number of studies h3ve demonstrated that a decrease in muscle temperature can drastically affect muscular contraction and thus exercise There are several poss0ole reasons why cooling may inhibit force production by the muscle. Vangaard (22) has shown that cooling of the motor fibers of the ulnar nerve decreases conduction velocity and thus the recruitment of muscle fibers close to the muscle surface. A lower muscle temperature would also presumably cause a decrease in the rate of chemical reactions in the muscle cell, decrease the rate of crosabridge formation, and
Increase the viscosity of the sarcoplasm, which would increase the resistance to crossbridge formation.
The energy expenditure of exercising in the cold is often greater than comparable activity in warm environments. Shivering, movement over snow and ice, as well as the weight and bulk of oold-weather clothing are the primary factors responsible for this added energy cost. With respect to the latter, It has been shown that as the bulk of the clothing worn is increased, there is an increased caloric expenditure which is greater than could be accounted for by the weight of the clothing alone. This extra caloric output has been attributed to a "hobbling effect", which is an interference of movement of the body's joints produced by the bulk of clothing. In addition, Teitlebaumi
and Goldman (21) demonstrated an increase in the metabolic cost of exercising with multilayered clothing over the corresponding cost of just carrying the weight and has attributed this to a "frictional drag" between layers as one layer of material slides over another during movement.
A decrease In the energy sources available for muscular oontraotion could also Impact upon performaoe during cold exposure. Recently, Jaoobs,et.al. it begins to undergo a continuous loss of heat with a resultant drop in temperature and water vapor. On the average,the temperature of expired air tends to be 1-2°C greater than that during inspiration at any given locat!on.
&s the temperature of gas decreases, so does the ability to hold moisture and the latter is conserved by condensation onto the airway surface. This information, therefore, does not support the notion that major degrees of airway drying take place when large thermal burdens are imposed on the airways since most of the water used to saturate the air upon inspiration would be recovered during the condensation that occurs during expiration.
Studies evaluating the effects of cold air breathing on airway resistance have found small but significant increases during inhalation (15) . 
COLD INJURY
The principle medical problems which may oncur from the exposure to a cold environment are frostbite and whole body hypothermia. The pathophysiology, recognition, and treatment of these conditions have recently been reviewed (2) and will be briefly outlined here.
Frostbite. This is the literal freezing of body tissue, typically in the extremities, which can lead to tissue loss if not detected and treated early. . .
cooling. The longer the tissue remains frozen, the closer it gets to ambient temperature (assuming a significant below-zero amoience), and the more serious the injury will be. Table 2 Frostbite can be divided into three stages, based upon the depth and thus the severity of the tissue freeze, as outlined in Table 2 . Sometimes called frostnip, incipient frostbite usually only involves the tips of the ears, nose, toes, fingers, and the cheeks. The individual is usually unaware that frostnip has occurred until warned that the skin has become white or blanched. This condition develops slowly and is painless. Treatment is to rewarm the skin by applying firm pressure with a hand (no rubbing) or other warm body part, by blowing warm breath on the spot, or by submerging in warm water. The area will tingle slightly as it thaws.
Superficial frostbite involves the skin and the tissue just beneath the skin. While the skin itself is firm, white, and waxy in appearance, the tissue beneath it is usually soft. The skin should never be rubbed; as the area thaws, it will become purple or mottled blue and will tingle and burn after becoming initially numb. The area usually swells during thawing.
In deep frostbite, the tissue beneath the skin is solid to the touch; it may involve.the entire hand or foot. This can result in permanent tissue loss if treatment is not immediately initiated. The treatment of choice is to rapidly rewarm the area by submerging in a 40 0 -'44 0 C (1014-110 0 F) water bath.
Frostbite is a preventable condition which occurs in anyone exposed to subfreezing temperatures without adequate thermal protection, or in those individuals whose sensorium is disturbed by alcohol or other drugs. Rewaruing procedures should not be attempted in the field situation since they are time-consuming M'? fraught with many medical problems which can not be addressed under such -onditions.
The real key to effective management of the hypothermic p*.rson lies in prevention.
Those who enjoy outdoor activities despite colc' temperatures should be alerted to the risks of hypothermia, warned arhinst the added hazards of wet conditions and wind chill, advised about clothing that provides maximal thermal protection, and be able to find shelter before the onset of exhaustion.
Prevention of Cold Injury COLD INJURY AND EXERCISE
In contrast to the well publicized medical problems which arise from exercise performed in hot environmental conditions, relatively little attention has been paid to the potential for cold injury during prolonged exercise in a cold environment.
However, there appears to be an increasing number of .reports of hazards resulting from exhaustion due to physical activity in the cold. One of the best illustrations was depicted by Pugh (17) in a report on the 1964 Four Inns Walking competition, an event popular
In the scouting movement in England, where three scouts lost their lives due to accidental hypothermia. While the race was well organized and all recognized safety precautions were taken, in retrospect, many conditions were present which are now known to contribute to fatal accidents during physical performance in the cold (e.g., wet-cold conditions, wind, inadequate clothing worn by the hikers, fatigue and exhaustion).
The inquest summary and interpretation by Pugh should be required reading for all individuals engaged in exercise in cold environments.
More recently, Jones et al (11) reported that the most common medioal diagnosis, following a cool weather marathon (7.9-0o.8 0 C; 46.2-51.40F) was hypothermia. This was based upon symptoms of uncontrolled shivering and complaints of cold. Maughan, et. al. (13) further reported that a decrease in core temperature Is not uncommon following a marathon run In cool conditions, particularly In inexperienced runners who frequently !-an the second half more slowly than the first hilf. Such runners may be able to maintain core temperature initially, but with the slow pace of the second half, especially on cool, wet and windy days, hypotdiermia can develop. Race organizert and medical teams who deal with such events, as well as individuals who participate in any outdoor physical activity, should be aware of the risks of hypothermia and be prepared to deal with them.
RISK FACTORS FOR COLD INJURY
The maintenance of homeothermy and prevrntion of peripheral cold injury depend upon i balance between climatic factors, on the one hand, and protective clothing and the individual's ability to S.nerate body heat, on the other. There are a number of factors which plane an individual at an Table 5 Increased risk for the development of cold injury. These, are shown in Table   5 .
The preserc.e of moisture in clothing or on the skin cark';Ily increases the heat lost by the body, and increases one's susoepti"ditd to cold injury.
Clothing insulation can be reduced up to 30% as the wav.-: conent increases either from internal sweat production or from external nurces Auch as rain and snow.
Sweating is a problem for many athletes who exercise in the cold, particularly during periods of low aotiv!ty or rest when heat is lost rapidly from the body when clothing is wet.
Wind Is another condition which can be devastating to the maintenance of a normal body temperature.
As the velocity of air movement increases, the convective heat lose increases, reducing the skin temperature and increasing the ribk of frostbite. Heat loss is particularly increased if wind is allowed to penetrate the outer garments, thereby reducing their insulation.
The windohill index is a very valuable Instrument, therefore, in evaluating the combined effects of air velocity and temperature on subjective comfort 
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The use of any foreign substance which promotes either heat loss or Performance in events that require dynamic muscle strength and power (e.g. football) will be markedly affected by the peripheral cooling of muscles. Such sports involve intermittent activity and are more likely to be affected by cold than sports of continuous activity. Adequate clothing must be provided on the sidelines, to keep the body warm before and during such activities, and thereby prevent muscles from cooling.
There is not a specific air temperature which is too cold for exercise.
Breathing cold air rill not injue the lungs, but the dryness may cause some irritation and discomfort to the nasopharynx. The decision to exercise in the cold should be based upon the potential danger or developing cold injury.
The judicious use of the windohill index ( Figure 2 Figure 2 
